Abstract-In this paper, Particle swarm optimization (PSO) technique has been proposed to evaluate the quality of recycled cooking palm oil. This technique proved to be the most powerful and robust technique in the modern era. The sensitivity of the threat by used cooking oil on public health and the complex nature and laborious approaches of evaluating the oil will be overcome through the proposed algorithm. The findings in this study have revealed that the appropriate temperature in degree centigrade ( o C), of grading cooking oil is higher than 200 o C for both the TPC and FFA. The study also portrays none significant differences between PSO and GA in terms of optimum estimated value, fitness and temperature. The findings conclude that it is better to evaluate TPC and FFA of used oil at higher temperatures than at low temperatures.
I. INTRODUCTION
Frying is one of the olden day's means of cooking food in oil that is commonly practiced today, the technique was initiated in the 16th century BC [1] .The principle behind it was to replace the vapor air from the food with frying oil as a result of the vapor pressure difference (VPD). The difference in vapor pressure forces the water in food to evaporate through the hot oil to the environs and create pores (holes) in the food which are fill up with frying oil. The formation of pores on the fried sample (chicken meat) implies a significant role in the oil absorption, both in frying and cooling of the fried food. The percentage of the moisture loss and oil absorption is highly proportional to the water content in the food sample, length and temperature of frying [2] - [4] . Recycled frying is continuously reusing the same oil for a series of frying cycles. The process is common in our modern society especially by local food vendors because of economic reasons. The effect of recycle frying on oil properties depends highly on the frying temperature and span, water content, and chemical composition of the food sample [5] . Evaporation of water through oil during the frying process is responsible for hydrolysis and other reactions that produce volatile and non-volatile compounds. An increase in the frying cycles results in the serious deterioration of the oil quality, threat to fried food and consumer's health [6] [7] . In recent years, the booming awareness of the health institute and public communities on issues posed by recycled frying oil has drawn the attention of many researchers to develop different means of grading used cooking oil. Numerous approaches have been applied for the quality evaluation of used cooking oil through its physico-chemical properties. The effect of recycled frying on oil properties is widely used to judge its deterioration; such properties are viscosity, total polar compound (TPC), free fatty acid (FFA), iodine value and many more. Investigation reveals TPC and FFA are the most common and accurate properties for assessing the quality of used cooking oil [8] [9] . [10] It has been reported that a longer frying time and higher frying temperature have resulted in a higher increase in TPC, the increase is linearly with time during the frying of various oils at a constant temperature or frying cycles. It has also been reported that deep frying leads to the deterioration of oil quality. TPC provides reliable information about the formation of polymers and degradation of used oil that causes threats to public health [11] .A study for comparison of the similarities between the reference and modern approaches for used oil chemical property evaluation was carried out [12] ,The findings revealed a wide variation between the techniques. Free fatty acids (FFAs) are promoted by the presence of the moisture content of frying oil, food sample and the frying process. Many studies reported that reaction of oil with moisture during frying hydrolysed fatty acid chains [5] [13] . Though, fluctuations in FFA value with temperature was significant It is still used for the evaluation of the oil quality [14] . Many more related works on the effect of the frying cycle on cooking oil properties have been carried out. However, the main point here is to find the best temperature for grading the oil properties. The aim of this study is to develop an optimization algorithm using computational techniques (particle swarm optimization techniques) to optimize the effect of recycled frying on the total polar compound and Free fatty acid of used oil for better grading of the oil quality.
II. RESPONSE OPTIMIZATION REVIEW
Quality control is a vital component of industrial production or product development where the product quality depend highly on response variable and measurement (independent) variables. The process of determining an optimal condition under which a products were developed was known as response optimization. Response optimization systems are of different types such as single, dual and multiple response which are widely encounter in production process. Single response system is commonly optimize by traditional (mathematical) method, while an Artificial Intelligent (AI) optimization techniques are used for multiple response because of its challenging nature [15] . [16] Model a decision maker that achieved flexible and better response for dual response using fuzzy logic. [17] Uses artificial neural network and fuzzy logic (ANFIS) in addition with genetic algorithm (GA) to optimized correlated multi response system based on desirability function 978-1-4799-7862-5/15/ $31.00 c 2015 IEEE the approach addresses problem of traditional estimator and neglecting correlation effect of the response. Regression problem for nonlinear complex approximation was handle in work of [5] were ANFIS with GA were used. In this paper we propose the used of Particle swarm optimization (PSO) to optimized the effect of frying cycles on cooking oil properties.
III. PARTICLE SWARM OPTIMIZATION
The particle swarm optimization algorithm was invented in 1995 as a population-based optimization technique that works based on the social behavior of individual particles (birds or fish) for searching the global best in the swarm [18] . Population (Swarm) in the algorithm refers to a universal set of solutions while particle (fish or bird) refers to the potential solution in the swarm, each individual particle has both position (X (1) whilst the direction and speed of each particle is determined by equation (2) . The change in velocity of each particle depends on three components of the velocity. The first component momentum, which coordinates the direction of the searching against unwanted swinging, is comprised the product of the inertia weight (W ) and previous velocity (V t i ). The second component personal-knowledge or local information shows the ability of a particle to return to its previous best position in the swarm after exploration and exploitation of the search space. The cognitive component consists of the product of the learning factor (c), random number (rand) between (0,1) and (P best
The last component is comprised of the product of the learning factor (c), random number (rand) between (0,1) and (Gbest t -X t i ), it is known as social knowledge or global information which describes the ability to attract particles in the swarm towards the well experienced one. The inertia weight (w) controls the influence of a particle's previous velocity on the current one. The learning factor(c) is a constant real number that influences the particle attraction towards itself in the cognitive component and towards the swarm global position in the social knowledge component. In recent years, the technique has attracted the attention of researchers in different disciplines including engineering because of its features of exploring and exploiting the entire search space. Those features have made it one of the most effective, efficient, faster, easier and robust population-based optimization algorithms which has proved to be successful in complex optimization problems that cannot be trapped by local optima [19] . 
A. Particle Swarm Optimization Terminologies
X t+1 i = X t i + V t+1 i . . .(1)V t+1 i = wV t i + c 1 r 1 (P best t i − X t i ) + c 2 r 2 (Gbest t − X t i ) . . .(2)
IV. MATERIALS AND METHODS

A. Fraying and preparation
Chicken meat was purchased from the local market, prepared and weighed to (400±5g) prior to frying with 1 liter of refined cooking palm oil in order to have the meat fully immersed in the oil for the proper frying condition. The optimum frying temperature and time used for frying was (180±10) o C and a range of (450 to 550) Second as recommended by [20] . The meat sample was placed in a wire basket for proper contact with the oil in the fryer. The frying was carried out with an automated temperature control modern deep fryer (HD6159, Philip, Netherlands). The first and the second experiment samples was collected and stored at room temperature prior to the analysis.The frying was performed without adding fresh oil. while the third sample is collected after night market (pasar mallam). Experiments on the samples were conducted based on central composite design with 13 observation including 5 center points.
B. Experimental design
Mean square error (MSE) was used to determine the optimum grading conditions of recycled cooking oil. The effects of Temperature and recycle frying X 1 and X 2 are two independent variables and the four response variables are Mean of Total polar compound (λ T P C ), Standard deviation of Total polar compound (δ T P C ), Mean of free fatty acid (λ T P C ) and Standard deviation of free fatty acid (δ F F A ) were evaluated using Response surface methodology (RSM) method and central composite design (CCD) experimental design. The three coded levels (−1, 0, 1) of the two variables are obtain according to equation (3) . where X j is the corded value of the independent variable x i and the center point x o (0). The coded levels of the temperature X 1 and recycled frying X 2 are shown in Table 2 . All experiment were carried out at randomized order and three time replicate at all design points including the five center points to minimize effect of error. The effects of independent variables, X 1 and X 2 , on the responses were evaluated using the second-order polynomial regression [15] [21] .
Where i= 1,2,3 The problem is stated as
C. Total polar compound
The Total polar compound (TPC) was determined using (270, Testor, South Burlington Canada). The probe was immersed in the sample as recommended by the manufacturer and measurements were replicated three times for each sample.
D. Free fatty acid
The Palm Oil Research Institute Malaysia (PORIM) test methods was used to determined free fatty acid (FFA) as was done by [8] . The FFA was expressed in percentage of palmatic, oleic and other acids existing in the sample or treatments.
E. Statistical Analysis
A statistical analysis of the experimented results was performed using SPSS version 21 software. The mean and the standard deviation of the experimental results were recorded for the Total polar compound (TPC) and free fatty acid (FFA). In addition, both fitted function for mean and standard deviation of TPC and FFA were developed using curve fitting package in matlab.
λ T P C = 10.24 + 0.945x 1 + 3.272x 2 + 2.622x 
V. RESULTS AND DISCUSSION
The Particle Swarm Optimization (PSO) was used to optimized properties of recycled cooking oil. The optimization of Total polar compound and free fatty acid by the method was to find the optimal temperatures of grading the oil. The proposed algorithm was compared with Genetic Algorithm to find optimum temperatures of grading the oil. The outcome of the compared results are given in table 2. The result shows no significant differences between the proposed PSO Algorithm and the Genetic based approach. The PSO algorithm findings in Fig. 1 reveals total polar compound will reached rejection point when the pm oil heated to 1.515 (225.25 ± 10) o C which is almost the same with genetic based approached 1.514 (225. 1 ± 10) o C. The fitness of PSO and GA approached which are 0.015 and 0.014 respectively has no significant differences. Further more considering the other property free fatty acid (FFA) has optimum fitness of approximately 0.0008 and 0.0009 for PSO and GA approaches respectively has no significant differences between estimated values of both method, also an insignificant differences between temperature of the algorithm were recoded to be 1.595 (239.25±10) o C and 1.586 (237.9 ± 10) o C. All Figures for both the two methods show the lowest fitness were found in less than (20) iteration while the value was kept unchanged up-to last iteration. In this study, it was found that particle swarm optimization (PSO) and Genetic Algorithm (GA) are potential tools of grading quality of recycled cooking oil. Our findings shows no significant difference between the two methods in terms of estimated value of the properties, the optimum fitness value and the temperature of grading the oil. The estimated value of the total polar compound is 24.982% for PSO whilst 25.004% for genetic based approach whilst that of free fatty acid was 5.0006% and 5.0011% for PSO and GA respectively. The optimum fitness of the total polar compound and free fatty acid are 0.0147 and 0.0008 for PSO whilst 0.0140 and 0.0009 for genetic based approach respectively. Our finding also portrays it is preferable to grade the oil whilst hot rather than when it is cool because our study reveals the optimum temperature for both properties and in the algorithms are higher 200 o C though the difference are not significant. Considering (25%) 
